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(57) ABSTRACT

The present invention provides a multi-cylinder engine
capable of inhibiting an EGR cooler from being damaged
and at the same time making the EGR cooler compact. On
the assumption that a direction where a crank shaft spans is
taken as a front and rear direction and a widthwise direction
of a cylinder head perpendicular to this front and rear
direction is deemed as a lateral direction, an intake-air
distributing passage wall is attached to one lateral side
surface of the cylinder head and an exhaust-gas converging
passage wall ached to the other lateral side of the cylinder
head, the exhaust-gas converging passage wall having an
interior area communicated with an interior area of the
intake-air distributing passage wall through the EGR cooler.
In this multi-cylinder engine, an intake-air inlet pipe is made
to stand up at an upper portion of the intake air distributing
passage wall and the EGR cooler is above the intake-air
distributing passage wall. Further, the intake-air inlet pipe is
arranged side by side with the EGR cooler.

11 Claims, 6 Drawing Sheets
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1
MULTI-CYLINDER ENGINE

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a multi-cylinder engine
and more particularly it concerns a multi-cylinder engine
capable of inhibiting an EGR cooler from being damaged
and at the same time making the EGR cooler compact.

2. Earlier Technology

There is a conventional example of this multi-cylinder
engine which, on the assumption that a direction where a
crank shaft spans is taken as a front and rear direction and
that a widthwise direction of a cylinder head perpendicular
to the front and rear direction is deemed as a lateral
direction, comprises the cylinder head having one lateral
side surface to which an intake-air distributing passage wall
is attached and having the other lateral side to which an
exhaust-gas converging passage wall is attached, the
exhaust-air converging passage wall having an interior area
communicated with an interior area of the intake-air distrib-
uting passage wall through an EGR cooler, as well as the
present invention.

The multi-cylinder engine of this type has an advantage of
being able to efficiently attempt to reduce NOx by lowering
the temperature of EGR gas through the EGR cooler.

However, some of the conventional engines have EGR
coolers each of which spans above the exhaust-gas converg-
ing passage wall (exhaust manifold) (for example, see
Japanese Patent Public Disclosure No. 2000-8973). There-
fore, it has caused problems.

The conventional engine has the following problems.

<Problem> The EGR Cooler is Readily Damaged.

The EGR cooler receives the heat radiated from the
exhaust-gas converging passage wall to be overheated with
the result of being damaged with ease.

<Problem> The EGR Cooler Becomes Larger.

Due to the fact that the EGR cooler receives the heat
radiated from the exhaust-gas converging passage wall, it is
required to enhance its cooling ability so as to remove the
heat. This results in enlarging the EGR cooler.

SUMMARY OF THE INVENTION

The present invention has an object to provide a multi-
cylinder engine capable of solving the above-mentioned
problems, namely a multi-cylinder engine able to inhibit the
EGR cooler from being damaged and at the same time to
make it compact.

The characteristic matter of the invention as set forth in
claim 1 is as follows.

As exemplified in FIG. 2, on the assumption that a
direction where a crank shaft 1 spans is taken as a front and
rear direction and that a widthwise direction of a cylinder
head 2 perpendicular to the front and rear direction is
deemed as a lateral direction, a multi-cylinder engine com-
prises the cylinder head 2 having one lateral side surface to
which an intake-air distributing passage wall 3 is attached
and having the other lateral side to which an exhaust-gas
converging passage wall 4 is attached, the exhaust-gas
converging passage wall 4 having an interior area commu-
nicated with an interior area of the intake-air distributing
passage wall 3 through an EGR cooler.

In this multi-cylinder engine, as shown in FIGS. 1 and 2,
an intake-air inlet pipe 5 is made to stand up at an upper
portion of the intake-air distributing passage wall 3 and the
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EGR cooler 6 spans in the front and rear direction above the
intake-air distributing passage wall 3, the intake-air inlet
pipe 5 being arranged side by side with the EGR cooler 6 in
the front and rear direction.

(Invention of Claim 1)

<Effect> It is Possible to Prohibit the EGR Cooler from
Being Damaged.

As exemplified in FIGS. 1 and 2, the EGR cooler 6 spans
in the front and rear direction above the intake-air distrib-
uting passage wall 3. Consequently, there is no room for the
EGR cooler 6 to receive the heat radiated from the exhaust-
gas converging passage wall 4 with the result of being able
to prohibit the EGR cooler 6 from being damaged by the
overheat.

<Effect> It is Possible to Make the EGR Cooler Compact.

Owing to the fact that there is no room for the EGR cooler
6 to receive the heat radiated from the exhaust-gas converg-
ing passage wall 4 and therefore there is no need of
increasing its cooling ability so as to remove the heat, the
EGR cooler 6 can be made compact.

<Effect> It is Possible to Downsize the Engine.

As exemplified in FIGS. 1 and 2, the intake-air inlet pipe
5 is made to stand up at the upper portion of the intake-air
distributing passage wall 3 and the EGR cooler 6 spans in
the front and rear direction above the intake-air distributing
passage wall 3. Further, the intake-air inlet pipe 5 is arranged
side by side with the EGR cooler 6 in the front and rear
direction. Thus a space above the intake-air distributing
passage wall 3 which was originally a dead space can be
effectively utilized as a space for arranging the EGR cooler
6 to result in the possibility of downsizing the engine.

(Invention of Claim 2)

It offers the following effect in addition to those of the
invention as set forth in claim 1.

<Effect> It is Possible to Inhibit an EGR Valve from Being
Damaged.

As shown in FIG. 1, an EGR valve case 7 is positioned
downstream of the EGR cooler 6. Therefore, the EGR gas
cooled by the EGR cooler 6 flows into the EGR valve case
7. This makes it possible to inhibit an EGR valve 9 from
being damaged by the overheat.

<Effect> It is Possible to Prevent a Valve Actuator from
Being Damaged.

As illustrated in FIG. 1, the EGR valve case 7 is posi-
tioned downstream of the EGR cooler 6. A valve actuator 8
is attached to the EGR valve case 7. Accordingly, the EGR
gas cooled by the EGR cooler 6 flows into the EGR valve
case 7, so that the valve actuator 8 attached to the EGR valve
case 7 is hardly overheated. Thus it is possible to inhibit the
valve actuator 8 from being damaged by the overheat.

<Effect> It is Possible to Downsize the Engine.

As exemplified in FIGS. 1 and 2, the EGR valve case 7 is
disposed above the intake-air distributing passage wall 3.
Further, the intake-air inlet pipe 5, the EGR valve case 7 and
the EGR cooler 6 are arranged side by side with each other
in the front and rear direction. The space above the intake-air
distributing passage wall 3 which was originally a dead
space can be effectively used as a space for arranging the
EGR valve case 7 and the EGR cooler 6 with the result of
being able to make the engine compact.
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(Invention of Claim 3)
It offers the following effect in addition to those of the
invention as set forth in claim 2.

<Effect> It is Possible to Inhibit the EGR Valve from Being
Damaged.

As exemplified in FIG. 1, the EGR valve 9 has its axis 9a
made to be vertical and be slidably and internally fitted into
a valve-axis insertion hole 7¢ within the EGR valve case 7.
Therefore, unlike the case where the EGR valve has its axis
made horizontal, there is no probability that the valve axis
of'the EGR valve disadvantageously butts against the valve-
axis insertion hole unilaterally by its own weight, which in
turn leads to the possibility of prohibiting the EGR valve 9
from being damaged due to eccentric abrasion.

(Invention of Claim 4)
It offers the following effect in addition to those of the
invention as set forth in claim 2.

<Effect> It is Possible to Prevent the EGR Valve from Being
Damaged.

As exemplified in FIG. 1, a check valve 10c¢ is made to
inhibit the flow-in of the intake air from the intake-air inlet
pipe 5 into the EGR valve case 7. This gets rid of the
disadvantage that the EGR valve 9 is rapidly cooled by the
flow-in of the intake air, which results in the possibility of
inhibiting the EGR valve 9 from being damaged due to the
rapid cooling.

<Effect> It is Possible to Attempt to Reduce NOx.

As shown in FI1G. 1, the check valve 10¢ is made to inhibit
the reverse flow of the EGR gas from the intake-air inlet pipe
5 into the EGR valve case 7. This can optimize the EGR rate
in an attempt to efficiently reduce the NOx.

(Invention of Claim 5)
It offers the following effect in addition to those of the
invention as set forth in claim 1.

<Effect> The EGR Cooler Can be Made Compact.

As exemplified in FIG. 2, the cylinder head 2 is provided
with an in-head EGR passage 11 which passes through an
interior area of a water-cooling jacket and the EGR cooler 6
is arranged downstream of this in-head EGR passage 11.
Thus the EGR gas can be cooled by the in-head EGR
passage, which in turn can lower the cooling ability of the
EGR cooler 6 by an amount corresponding to the decrease
of heat obtained owing to this cooling. Thus it is possible to
make the EGR cooler 6 compact.

<Effect> It is Possible to Attempt to Reduce the NOx.

The EGR gas can be cooled by the in-head EGR passage
11, which in turn can decrease the temperature of the EGR
gas by an amount corresponding to the decrease of heat
obtained owing to this cooling. Therefore, it is possible to
efficiently attempt to reduce the NOx.

(Invention of claim 6)
It offers the following effect in addition to those of the
invention as set forth in claim 5.

<Effect> It is Possible to Inhibit the EGR Cooler from Being
Damaged.

As exemplified in FIGS. 1 and 2, the intake-air inlet pipe
5, the EGR valve case 7, the EGR cooler 6 and a connection
pipe 12 are arranged in the mentioned order from the rear
side to the front side. In consequence, even if a part, a tool
or the like substance approaches the EGR cooler 6 from the
rear side when producing the engine or making the main-
tenance thereof, this substance can be received by to the
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intake-air inlet pipe 5 and an intake-air supply pipe 18
connected to the intake-air inlet pipe 5 before the substance
collides against the EGR cooler 6 from the rear side. This
makes it possible to prevent the EGR cooler 6 from being
damaged by the substance which collides thereagainst from
the rear side. Further, similarly, even if the substance
approaches from the front side, the connection pipe 12 can
receive this substance before this substance collides against
the EGR cooler 6 from the front side. Thus it is possible to
prohibit the EGR cooler 6 from being damaged by the
collision of the substance from the front side.

(Invention of Claim 7)
It offers the following effect in addition to that of the
invention as set forth in claim 6.

<Effect> It is Possible to Smoothly Conduct the Assembling
Work of Parts on an Assembling-line of the Engine.

As shown in FIGS. 1 and 2, the EGR valve case 7, the
EGR cooler 6 and the connection pipe 12 are made as
constituents of a rigid connected body and these constituents
form a non-flexible rigid connected body. Accordingly, it is
possible to assemble a plurality of parts at one time as an
integral rigid connected body on the assembling-line of the
engine by preliminarily connecting the constituents of this
rigid connected body outside the assembling-line of the
engine, which entails the possibility of smoothly carrying
out the assembling work of parts on the assembling-line of
the engine.

<Effect> The Rigid Connected Body can be Handled Easily.

Since the rigid connected boy has no flexibility, it does not
deform when it is carried into the assembling-line of the
engine or it is assembled on the assembling-line of the
engine and therefore is treated easily.

(Invention of Claim 8)
It offers the following effect in addition to those of the
invention as set forth in claim 7.

<Effect> It is Possible to Inhibit the EGR Valve from Being
Damaged.

As shown in FIG. 1, the check valve 10c¢ is made to inhibit
the flow-in of the intake air and the reverse flow of the EGR
gas from the intake-air inlet pipe 5 into the EGR valve case
7. This removes the disadvantage that the EGR valve 9 is
rapidly cooled by the flow-in of the intake air, which entails
the possibility of inhibiting the EGR valve 9 from being
damaged by the rapid cooling.

<Effect> It is Possible to Attempt to Reduce the NOx.

As exemplified in FIG. 1, the check valve 10¢ is made to
inhibit the reverse flow of the EGR gas from the intake-air
inlet pipe 5 into the EGR valve case 7. This optimizes the
EGR rate to result in the possibility of attempting to effi-
ciently reduce the NOx.

(Invention of Claim 9)
It offers the following effect in addition to those of the
invention as set forth in claim 5.

<Effect> It is Possible to Attempt to Reduce the NOx.

As exemplified in FIG. 2, both of the in-head EGR
passage 11 and an exo-head passage 13 are arranged to
introduce the EGR gas into the EGR cooler 6 to result in
being able to secure a high EGR rate. Thus it is possible to
efficiently attempt to reduce the NOx.

(Invention of Claim 10)
It offers the following effect in addition to that of the
invention as set forth in claim 9.
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<Effect> It is Possible to Make the EGR Cooler Compact.

As shown in FIGS. 3 to 5, an engine-cooling air produced
by an engine-cooling fan 14 is adapted to blow against the
exo-head EGR passage 13. Therefore, it is possible to lower
the cooling ability of the EGR cooler 6 by an amount
corresponding to the decrease of heat obtained by this
cooling with the result of being able to make the EGR cooler
compact.

<Effect> It is Possible to Attempt to Reduce the NOx.

The EGR gas can be cooled by the exo-head EGR passage
13. Consequently, it is possible to lower the temperature of
the EGR gas by an amount corresponding to the decrease of
heat obtained by this cooling with the result of being able to
attempt to efficiently reduce the NOx.

(Invention of Claim 11)
It offers the following effect in addition to those of the
invention as set forth in claim 1.

<Effect> It is Possible to Attempt to Reduce the NOx.

As exemplified in FIG. 6, a laterally elongated EGR-gas
inlet portion Sa is drilled to form a pair of left and right
EGR-gas inlet holes 556 and 5¢. Therefore, when compared
with the case where a single EGR-gas inlet hole is formed
through drilling the EGR-gas inlet passage 5aq, it is possible
to increase the total area of the EGR-gas inlet without
enlarging the diameter of the EGR-gas inlet to result in the
possibility of securing a high EGR rate in an attempt to
reduce the NOx. Further, the EGR-gas inlet hole 55 posi-
tioned far away from the cylinder head 2 at an external side
portion thereof has a center axis 254 is arranged to go further
away from an imaginary line 17 extending in the front and
rear direction than a center axis 25¢ of the EGR-gas inlet
hole 5¢ positioned close to the cylinder head 2 at an internal
side portion thereof. The intake-air supply pipe 18 which is
connected to the intake-air inlet pipe 5 is made to approach
the intake-air inlet pipe 5 from the side of the cylinder head
2. Thus the EGR gas is distributed uniformly to every
cylinder with the result of being able to attempt to efficiently
reduce the NOx. The considered reason why this can be done
is probably because the EGR gas which has flowed from the
EGR-gas inlet hole 556 at the external side portion, into an
external side portion of the intake-air inlet pipe 5 is involved
into a high-speed intake air current caused at the external
side portion of the intake-air inlet pipe 5 to result in
improving the mixture of the EGR gas with the intake air.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a left side view of an intake-air distributing
passage wall and its surroundings of an engine according to
an embodiment of the present invention;

FIG. 2 is a plan view of a cylinder head and its surround-
ings of the engine according to the embodiment of the
present invention;

FIG. 3 is a left side view of the engine according to the
embodiment of the present invention;

FIG. 4 is a plan view of the engine according to the
embodiment of the present invention;

FIG. 5 is a front view of the engine according to the
embodiment of the present invention; and

FIG. 6 is an explanatory view of the intake-air distributing
passage wall to be employed in the engine according to the
embodiment of the present invention. FIGS. 6(A), 6(B) and
6(C) are a left side view of a rear portion, a sectional view
taken along a line B-B in FIG. 6(A) and a plan view of the
rear portion.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of the present invention is explained with
reference to the drawings. FIGS. 1 to 6 show a multi-
cylinder engine according to the embodiment of the present
invention. In this embodiment, an explanation is given for a
vertical water-cooled multi-cylinder diesel engine.

The Embodiment of the Present Invention is Outlined as
Follows.

As shown in FIG. 3, a cylinder head 2 is assembled to an
upper portion of a cylinder block 26. An oil pan 27 is
assembled to a lower portion of the cylinder block 26. A gear
case 28 is assembled to a front portion of the cylinder block
26. A fly-wheel housing 29 is assembled to a rear portion of
the cylinder block 26.

An EGR Device is Constructed as Follows.

As shown in FIG. 2, on the assumption that a direction
where a crank shaft 1 spans is taken as a front and rear
direction and that a widthwise direction of the cylinder head
2 perpendicular to this front and rear direction is deemed as
a lateral direction, an intake-air distributing passage wall 3
is attached to a left lateral side surface of the cylinder head
2 and an exhaust-gas converging passage wall 4 is attached
to a right lateral side of the cylinder head 2. The exhaust-gas
converging passage wall 4 has an interior area communi-
cated with an interior area of the intake-air distributing
passage wall 3 through an EGR cooler 6. Although the
intake-air distributing passage wall 3 serves as an intake
manifold, as shown in FIG. 1, it is formed in the shape of a
box without any branched pipe. Therefore, such a part’s
name is used. The exhaust-gas converging passage wall 4
serves as an exhaust manifold, but such a part’s name is
employed in correspondence with the part’s name of the
intake-distributing passage wall 3.

The EGR Device is Devised as Follows.

As shown in FIGS. 1 and 2, an intake-air inlet pipe 5 is
made to stand up at an upper portion of the intake-air
distributing passage wall 3 and the EGR cooler 6 spans in
the front and rear direction above the intake-air distributing
passage wall 3. The intake-air inlet pipe 5 is arranged side
by side with the EGR cooler 6 in the front and rear direction.
The EGR cooler 6 is arranged at a position just above the
intake-air distributing passage wall 3, which is above the
intake-air distributing passage wall 3 and overlaps the same
as shown in FIG. 2, when seen in a direction parallel to a
cylinder center axis 25. The EGR cooler 6 is disposed so as
not to project outwards laterally (away from the cylinder
head) of the intake-air distributing passage wall 3 when seen
in the direction parallel to the cylinder center axis 25.
Cooling water is introduced from a water-cooling jacket
within the cylinder block 26 into the EGR cooler 6 and is
guided out to a cooling-water pump (not shown).

As illustrated in FIG. 1, an EGR valve case 7 is disposed
above the intake-air distributing passage wall 3. The intake-
air inlet pipe 5, the EGR valve case 7 and the EGR cooler
6 are arranged side by side with each other in the front and
rear direction. The EGR valve case 7 is positioned down-
stream of the EGR cooler 6 and a valve actuator 8 is attached
to the EGR valve case 7. A pulse motor is employed for the
valve actuator 8. The EGR valve case 7 is arranged at a
position just above the intake-air distributing passage wall 3,
which is above the intake-air distributing passage wall 3 and
overlaps the same when seen in the direction parallel to the
cylinder center axis 25 as shown in FIG. 2. As illustrated in
FIG. 1, an EGR valve 9 formed from a poppet valve has its
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axis 9a made to be vertical and be slidably and internally
fitted into a valve-axis insertion hole 7¢ within the EGR
valve case 7.

As shown in FIGS. 1 and 2, a check valve case 10 is
arranged between the EGR valve case 7 and the intake-air
inlet pipe 5. A check valve 10c¢ disposed within this check
valve case 10 can inhibit the flow-in of the intake air and the
reverse flow of the EGR gas from the intake-air inlet pipe 5
into the EGR valve case 7. The cylinder head 2 is provided
with an in-head EGR passage 11 which passes through an
interior area of the water-cooling jacket and the EGR cooler
6 is arranged downstream of this in-head EGR passage 11.

As shown in FIG. 3, one side of the front and rear
direction, on which an engine-cooling fan 14 is disposed, is
taken as a front side and the opposite side is deemed as a rear
side. The intake-air inlet pipe 5, the EGR valve case 7, the
EGR cooler 6 and a connection pipe 12 are arranged in the
mentioned order from the rear side to the front side. As
illustrated in FIGS. 1 and 2, an EGR-gas inlet portion 5a at
a front portion of a peripheral wall of the intake-air inlet pipe
5 is communicated with an EGR-valve case outlet portion 7a
at a rear portion of the EGR valve case 7. A cooler-outlet
portion 6a at a rear end of the EGR cooler 6 is attached to
an EGR-valve case inlet portion 75 at a front portion of the
EGR valve case 7 and is communicated therewith. A con-
nection-pipe outlet portion 124 at an upper portion of a rear
surface of the connection pipe 12 is attached to a cooler-inlet
portion 65 at a front end of the EGR cooler 6 and is
communicated therewith. A connection-pipe inlet portion
125 at a lower portion of a lateral surface of the connection
pipe 12 is attached to an in-head EGR passage outlet portion
11a at a front portion of a lateral surface of the cylinder head
2 and is communicated therewith.

The EGR valve case 7, the EGR cooler 6 and the
connection pipe 12 are manufactured as constituents of a
rigid connected body. These constituents form a non-flexible
rigid connected body. Further, the check valve case 10 is
manufactured as one of the constituents of the rigid con-
nected body. A check-valve case inlet portion 105 at a front
portion of the check valve case 10 is attached to the
EGR-valve case outlet portion 7a at the rear portion of the
EGR valve case 7 and is communicated therewith. A check-
valve outlet portion 10q at a rear surface of the check valve
case 10 is attached to the EGR-gas inlet portion Sa at the
front portion of the peripheral wall of the intake-air inlet
pipe 5 and is communicated therewith. A check valve 10c¢
disposed within the check valve case 10 can inhibit the
flow-in of the intake air and the reverse flow of the EGR gas
from the intake-air inlet pipe 5 into the EGR valve case 7.

As shown in FIGS. 1 and 2, an exo-head EGR passage 13
is conducted out from the interior area of the exhaust-gas
converging passage wall 4 to pass through an exterior area
of the cylinder head 2 and the EGR cooler 6 is arranged
downstream of this exo-head EGR passage 13. Thus the
EGR gas is introduced into the EGR cooler 6 from both of
the in-head EGR passage 11 and the exo-head EGR passage
13.

As shown in FIGS. 3 to 5, the exo-head EGR passage 13
is disposed at the back of the engine-cooling fan 14 so that
the engine-cooling air produced by the engine-cooling fan
14 can blow against the exo-head EGR passage 13. As
illustrated in FIG. 5, when seen in a direction parallel to the
direction where the crank shaft 1 spans, although the exo-
head EGR passage 13 is slightly shifted from a position
where it overlaps the cooling fan 14, since a region against
which the engine-cooling air blows spreads over a locus of
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an outer periphery of the engine-cooling fan 14, the engine-
cooling air blows against the exo-head EGR passage 13.

As shown in FIG. 6, the intake-air inlet pipe 5 is provided
at the front portion of its peripheral wall with a laterally
elongated EGR-gas inlet portion 5a. This EGR-gas inlet
portion 5a is drilled to form a pair of left and right EGR-gas
inlet holes 56 and 5¢. When seen in a direction parallel to a
center axis 16 of the intake-air inlet pipe 5, center axes 25b
and 25¢ of the respective EGR-gas inlet holes 556 and 5¢ are
positioned on the left and right sides of an imaginary line 17
extending in the front and rear direction, which passes over
the center axis 16 of the intake-air inlet pipe 5. The center
axis 25b of the EGR-gas inlet hole 55 positioned far away
from the cylinder head 2 at an external side portion thereof
is made to go further away from the imaginary line 17
extending in the front and rear direction, than the center axis
25¢ of the EGR-gas inlet hole 5¢ positioned close to the
cylinder head 2 at an internal side portion thereof. The
intake-air supply pipe 18, which is connected to the intake-
air inlet pipe 5, approaches the intake-air inlet pipe 5 from
the side of the cylinder head 2. As shown in FIGS. 3 to 5,
the intake-air supply pipe 18 is conducted out of a super-
charger 30 attached at an upper portion of the exhaust-gas
converging passage wall 4.

What is claimed is:

1. A multi-cylinder engine, on the assumption that a
direction where a crank shaft (1) spans is taken as a front and
rear direction and that a widthwise direction of a cylinder
head (2) perpendicular to this front and rear direction is
deemed as a lateral direction, which comprises an intake-air
distributing passage wall (3) attached to one lateral side
surface of the cylinder head (2) and an exhaust-gas con-
verging passage wall (4) attached to the other lateral side of
the cylinder head (2), the exhaust-gas converging passage
wall (4) having an interior area communicated with an
interior area of the intake-air distributing passage wall (3)
through an EGR cooler (6), wherein

an intake-air inlet pipe (5) is made to stand up at an upper

portion of the intake-air distributing passage wall (3)
and the EGR cooler (6) spans above the intake-air
distributing passage wall (3) in the front and rear
direction, the intake-air inlet pipe (5) being arranged
side by side with the EGR cooler (6) in the front and
rear direction.

2. The multi-cylinder engine as set forth in claim 1,
wherein

an EGR valve case (7) is disposed above the intake-air

distributing passage wall (3), the intake-air inlet pipe
(5), the EGR valve case (7) and the EGR cooler (6)
being arranged side by side with each other in the front
and rear direction, and the EGR valve case (7) is
positioned downstream of the EGR cooler 6, a valve
actuator (8) being attached to the EGR valve case (7).

3. The multi-cylinder engine as set forth in claim 2,
wherein

an EGR valve (9) has its axis (9a) made to be vertical and

be slidably and internally fitted into a valve-axis inser-
tion hole (7¢) of the EGR valve case (7).

4. The multi-cylinder engine as set forth in claim 2,
wherein

a check valve case (10) is arranged between the EGR

valve case (7) and the intake-air inlet pipe (5), and a
check valve (10) disposed within this check valve case
(10) inhibits the flow-in of intake air and the reverse
flow of EGR gas from the intake-air inlet pipe (5) into
the EGR valve case (7).
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5. The multi-cylinder engine as set forth in claim 1,
wherein
the cylinder head (2) is provided with an in-head EGR
passage (11) which passes through an interior area of a
water-cooling jacket and the EGR cooler (6) is
arranged downstream of this in-head EGR passage
an.
6. The multi-cylinder engine as set forth in claim 5,
wherein
on the assumption that one optional side of the front and
rear direction is taken as a front side and the other side
thereof is deemed as a rear side, the intake-air inlet pipe
(5), the EGR valve case (7), the EGR cooler (6) and a
connection pipe (12) are arranged from the rear side to
the front side in the mentioned order, and
an EGR-valve case outlet portion (7a) at a rear portion of
the EGR valve case (7) is communicated with an
EGR-gas inlet portion (5a) at a front portion of a
peripheral wall of the intake-air inlet pipe (5), a cooler-
outlet portion (6a) at a rear end of the EGR cooler (6)
being attached to an EGR-valve case inlet portion (75)
at a front portion of the EGR valve case 7 and com-
municated therewith, a connection-pipe outlet portion
(12a) at an upper portion of a rear surface of the
connection pipe (12) being attached to a cooler-inlet
portion (64) at a front end of the EGR cooler (6) and
communicated therewith, a connection-pipe inlet por-
tion (125) at a lower portion of a lateral surface of the
connection pipe (12) being attached to an in-head EGR
passage outlet portion (11a) at a front portion of a
lateral surface of the cylinder head (2) and communi-
cated therewith.
7. The multi-cylinder engine as set forth in claim 6,
wherein
the EGR valve case (7), the EGR cooler (6) and the
connection pipe (12) are made as constituents of a rigid
connected body and these constituents form a non-
flexible rigid connected body.
8. The multi-cylinder engine as set forth in claim 7,
wherein
a check valve case (10) is also made as one of the
constituents of the rigid connected body, and
a check-valve case inlet portion (105) at a front portion of
the check valve case (10) is attached to the EGR-valve
case outlet portion (7a) at the rear portion of the EGR
valve case (7) and communicated therewith, a check-
valve case outlet portion (10a) on a rear surface of the
check valve case (10) being attached to an EGR-gas
inlet portion (5a) at a front portion of a peripheral wall
of the intake-air inlet pipe (5) and communicated
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therewith, a check valve (10¢) disposed within the
check valve case (10) being able to inhibit the flow-in
of intake air and the reverse flow of EGR gas from the
intake-air inlet pipe (5) into the EGR valve case (7).
9. The multi-cylinder engine as set forth in claim 5,
wherein

an exo-head EGR passage (13) is conducted out form the
interior area of the exhaust-gas converging passage
wall (4) to pass through an exterior area of the cylinder
head (2) and the EGR cooler (6) is arranged down-
stream of this exo-head EGR passage (13), both of the
in-head EGR passage (11) and the exo-head EGR
passage (13) introducing the EGR gas into the EGR
cooler (6).

10. The multi-cylinder engine as set forth in claim 9,

wherein

on the assumption that one side of the front and rear
direction where an engine-cooling fan (14) is disposed
is taken as a front side and the opposite side is deemed
as a rear side, the exo-head EGR passage (13) is
arranged at the back of the engine-cooling fan (14) and
engine-cooling air produced by the engine-cooling fan
(14) blows against this exo-head EGR passage (13).

11. The multi-cylinder engine as set forth in claim 1,

wherein

on the assumption that one optional side of the front and
rear direction is taken as a front side, a laterally
elongated EGR-gas inlet portion (5a) is provided at a
front portion of a peripheral wall of the intake-air inlet
pipe (5) and is drilled to form a pair of left and right
EGR-gas inlet holes (56) and (5¢) and when seen in a
direction parallel to a center axis (16) of the intake-air
inlet pipe (5), center axes (25b) and (25¢) of the
respective EGR-gas inlet holes (55) and (5¢) are posi-
tioned on the left and right sides of an imaginary line
(17) extending in the front and rear direction, which
passes over the center axis 16 of the intake-air inlet pipe
(5), the center axis (25b) of the EGR-gas inlet hole (56)
positioned far away from the cylinder head (2) at an
external side portion thereof being made to go further
away from the imaginary line (17) extending in the
front and rear direction than the center axis (25¢) of the
EGR-gas inlet hole (5¢) positioned close to the cylinder
head (2) at an internal side portion thereof, an intake-air
supply pipe (18), which is connected to the intake-air
inlet pipe (5), approaching the intake-air inlet pipe (5)
from the side of the cylinder head (2).
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